Introduction
The alkali gneiss of this study has been described briefly in a paper on the granites of Honkamäki and Otanmäki by Marmo et al. (1966, cf. pp. 12-13 and 15 , Table 2 , photomicrographs Fig. 9 and Plate 1). The paper included an analysis of the rock, which was called alkali granite, and some optical data on the main femic minerals, aegirine and riebeckite.
Aegirine and riebeckite have since been analysed and studied by X-ray diffraction, and some trace elements of the rock determined. The present paper gives the results of these studies. Of the authors, Hytönen is responsible for the X-ray work, optical data and writing, and Hautala for the microprobe analyses.
Material and methods
The subject of the present study is a specimen collected in 1963, and numbered 7-OM for the study by Marmo et al. (op. cit.) , from the northern slope of the Honkamäki hill, which is situated about 8 km west-northwest of the Otanmäki titaniferous iron ore deposit and mine ( Fig. 1 ). Named Pikkukallio (Fig. 2) on the topographic map, the outcrop has the following coordinates: map sheet 3413 11, x = 7115.75, y = 497.40 or 64°08'28" North, 26°56'48" East.
The X-ray powder data were obtained with a Philips diffractometer, filtered Copper radiation. Silicon was used as the internal standard for aegirine and quartz for riebeckite. The microprobe analyses were conducted in 1975 using a Geoscan electron probe analyser with an accelerating potential of 20 kV and a specimen current of 3-4 mA. The standards were hornblende (no. 35) and oligoclase (no. 44, for sodium). The measured intensities were corrected using the Bence and Albee (1968) method.
Alkali gneiss
The rock of the Honkamäki hill in the Otanmäki region (Figs. 1 and 2) in the parish of Vuolijoki already drew some attention during the mapping of the general geological map of Finland. On map sheet C4 Kajaani (Wilkman Alkali gneiss of the present study (specimen 7-OM), containing aegirine and riebeckite. 9. Ferro-ferri-barroisite occurring as fissure fillings in alkali gneiss at the western foot of the Otanmäki hill (Hytönen and Heikkinen 1966) . 1929), the rock, which is predominant in large parts of the Vuolijoki parish, including Honkamäki, is designated post-Bothnian granite with inclusions. In the explanation to the map sheet (Wilkman 1931, p. 148 ) the rock occurring on the northern slope of the Honkamäki hill is mentioned as »a reddish hornblende granite» containing darker gneissic hornblende-rich bands.
The same rock was later studied by Pääkkö-nen (1956, cf. pp. 19-22) , who called it gneissose granite and, as mentioned above, by Marmo et al. (op. cit.) . In a fairly recent study of the geology of the Otanmäki mine by Lindholm and Anttonen (1980) , the same rock is termed alkalic gneiss and is characterized as a »very heterogeneous rock unit with metasomatic features».
In the present study the name alkali gneiss is used for compositional and textural reasons. If the rock is regarded as plutonic, the name microcline-albite quartz syenite should be used (Streckeisen 1974) . The alkali gneiss is fine-to medium-grained (grain size 0.3-2.0 mm) with distinct planar banding caused by alternating dark femic and reddish felsic streaks. Under the microscope the texture is weakly hypidiomorphic, in places slightly cataclastic, and the banding is only slightly detectable. The main minerals of the rock are microcline, albite, quartz, aegirine and riebeckite (Table 1 ). The microcline is cross-hatched (triclinicity 0.9) and perthitic.
The albite is usually twinned, and some antiperthite can be seen. Both feldspars contain abundant opaque inclusions. Quartz has undulatory extinction. The femic constituents usually occur as irregularly shaped crystal aggregates, arranged into irregular bands. Among the accessories, monazite forms quite large grains, approximately 0.2 mm long. A qualitative microprobe analysis of the monazite gave: Ce, La, Nd, Pr, Sm (?), Gd and P. Table 1 gives the chemical analysis, CIPW norm, mode and Niggli values of the alkali gneiss. The peralkaline character is portrayed by the presence of acmite, NaFeSi 2 0 6 , in the norm. Examination of Table 1 reveals that there is a difference between normative or and modal microcline, between normative ab and modal albite and between the sum of the normative femic silicates (ac + di + hy = 16) and the sum of aegirine + riebeckite (22), which should approximately correspond with each other. The difference can be attributed partly to the difference in composition between the sample analysed (norm) and the thin section studied Table 3 . Aegirine, specimen 7-OM, Pikkukallio, Honkamäki, Vuolijoki. Chemical composition, numbers of ions on the basis of six oxygens, pyroxene end member composition and calculated densitity. 1. Average of four microprobe analyses (FeO = total iron); 2. Analysis of column 1, done using the ratio (mode), and partly to the fact that for the building of riebeckite some normative ab must be consumed and the perthitic microcline contains some of the normative ab, too. In Table 2 some trace element contents of the alkali gneiss are given and compared with average contents in granites and felsic rocks from the literature. The alkali gneiss contains clearly higher Zn, Ga, Y, Zr, Nb, La, Ce, Hf and Ta, slightly higher Rb and Th, and much lower Sr, Ba and Pb than the granites and felsic rocks; the contents of Li and U are about the same. Table 3 , column 1 gives the chemical analysis of aegirine, carried out by microprobe. The oxidation state of iron was determined by the wet chemical method on an aegirine fraction separated out of the rock (Table 3 , columns 2 and 3). The total iron values of the microprobe and wet analyses differ slightly from each other (31.2 % and 29.04 % as FeO, respectively). The difference can be attributed to the difference in both the analytical methods and the sampling. The microprobe analysis represents the average composition of four aegirine grains within a single thin section, whereas the wet analysis was done on a mineral concentrate of a few hundred milligrams. The two slightly different values for total iron are reflected as differences in the numbers of ions in the pyroxene formula, in the figures of the pyroxene end members and the calculated densities, as is shown in Table 3 , columns 2 and 3.
Aegirine
The following unit-cell parameters for aegirine were calculated from the powder pattern, listed in Table 4 The following optical properties were recorded: a (obs.) =1.763 (3), ß (calc.)= 1.799, y (obs.) =1.813 (3), 2V X = 63° (with universal stage), c A X = 1°-2° (univ. stage); pleochroism: X green, Y green, Z yellowish brown; absorption X>Y>Z. The differences in the absorption between X, Y and Z are small.
For comparison, the aegirine has been plotted on a diagram (Fig. 3) in terms of (Na + K), Mg and (Fe 2 + + Mn + (Fe 3 + )) together with some other aegirines, aegirine-augites and sodian diopsides from four other occurrences (nos. 2-5) in Finland. The localities are depicted on the map in Fig. 3 . In the diagram the aegirine of the present study has been plotted using the averages of (Na + K), Mg and (Fe 2+ + Mn) from Fig. 3 . Plot of aegirine of the present study (no. 1) together with other sodic pyroxenes from Finland in terms of (Na + K), Mg and (Fe 2+ + Mn + (Fe 3 + )). The components of the pyroxenes have been calculated following a proposal by Carmichael (1962) . The last term (Fe 3+ ) is the excess, if any, of the trivalent iron over Na + K. The numbers of the plots refer to Fig. 4 .
Riebeckite Table 5 , column 1 gives the microprobe analysis of riebeckite. The oxidation state of iron was determined by the wet chemical method from a riebeckite fraction separated out of the rock. The values for Fe 2 0 3 and FeO obtained from the wet analysis were corrected for 7 % aegirine (analysis in Table 3 , column 3), occurring as impurity in the fraction. The total iron values of the microprobe and the corrected wet analyses differ from each other (37.1 % and 34.3 respectively). The difference can be attributed to the difference in analytical methods and sampling as in aegirine (page 173). The different values of total iron are reflected as differences in the numbers of ions in the amphibole formula and in the calculated densities (Table 5 , columns 2 and 3). As the water plus halogen content was not determined, the standard amphibole formula was calculated on the basis of 23 oxygens according to the procedure recommended by the subcommittee on amphiboles of the International Mineralogical (Hausen 1942) . 3. Sodian diopside from amphibole-pyroxene-albite diabase of Vähä-Kurkkio, Enontekiö (Meriläinen 1961) . 4. Aegirines, aegirine-augites, alkali-amphiboles and sodic-calcic amphiboles from the carbonatite and fenites of Sokli, Savukoski (Vartiainen and Woolley 1976 and Vartiainen 1980) . 5. Aegirine-augite and sodian diopside from alkaline rocks of livaara, Kuusamo (Lehijärvi 1960) . 6. Magnesioriebeckite from a shear zone of Puolanka (Laajoki and Ojanperä 1973) . 7. Richterite from glimmerite of the carbonatite complex, Siilinjärvi (Puustinen 1972) . 8. Arfvedsonite and aegirine from nepheline syenite gneiss (boulder) of Kiihtelysvaara (Eskola and Sahlstein 1930) . 9. Ferro-ferribarroisite of Otanmäki (Hytönen and Heikkinen 1966) .
Association (Leake 1978) . The mineral is rich in iron and poor in magnesium and its composition is thus quite close to the end member of riebeckite, Na 2 Fe^ + Fe^+Si 8 0 23 , written on a waterand halogen-free basis.
The following unit-cell parameters for the riebeckite were calculated from the powder pattern, listed in Table 6 riebeckite are slightly larger than those of the end member. The expansion of the cell can be attributed to the potassium ion (Table 5) , the largest cation present in excess in this mineral.
As an example of the expanding effect of the potassium ion on the unit cell dimensions of amphiboles, we refer to a study on the synthesis and crystal chemistry of sodium-potassium richterite (Huebner and Papike 1970) .
The following optical properties were recorded for the riebeckite: 7= 1.708, b = Y, cAX = 0°--10°; pleochroism: X dark blue, Y dark grey-blue, Z yellow brown; absorption: Y > X > Z.
The very strong absorption and dispersion of light greatly hinders optical observations and measurements of the riebeckite. The optical variation in optical orientation (Borg 1967) . Some conflicting observations of the optical orientation suggest that the optical orientation of this riebeckite varies from grain to grain, even within a single thin section. For comparison and to illustrate the chemical composition the riebeckite of Pikkukallio has been plotted in terms of Ca, Mg and total Fe (Fig. 5) The sodic-calcic amphibole occurring as fissure filling in alkali granite or alkali gneiss at the western foot of the adjacent Otanmäki hill has been described in a paper by Hytönen and Heikkinen (1966) . The amphibole was called an alkali amphibole of intermediate composition slightly closer to the alkali amphiboles than the calcic amphiboles. For the present study this amphibole is renamed ferro-ferri-barroisite, using the nomenclature of amphiboles presented by the subcommittee on amphiboles of the International Mineralogical Association (op. cit.) .
The riebeckite of the gneissose granite described by Pääkkönen (1956) from Katajakangas on the western side of the Otanmäki hill and, hence, not far from the outcrop studied by Hytönen and Heikkinen (op. cit.) , has not been plotted in Figs. 5 and 6 because no chemical data were given. However, on the basis of the refractive indices listed, this alkali amphibole of Pääkkönen seems to be close to the end member riebeckite.
Examination of Figs. 5 and 6 reveals that the riebeckite of Pikkukallio and the ferro-ferribarroisite of the adjacent Otanmäki are richer in iron and poorer in magnesium than the other alkali amphiboles and sodic-calcic amphiboles from Finland. In the other amphiboles magnesium predominates over iron, except in the arfvedsonite from the nepheline syenite gneiss of Kiihtelysvaara (Eskola and Sahlstein 1930; No. 8 in Figs. 5 and 6) .
Chemical relationship between aegirine and riebeckite
The present authors know of three occurrences in Finland where alkali pyroxene and alkali amphibole coexist: in the nepheline syenite gneiss of Kiihtelysvaara (Fig. 4 , no. 8, boulder) (Eskola and Sahlstein 1930) , in the carbonatite and fenites of Sokli, Savukoski (Fig. 4 , no. 4) (Vartiainen and Woolley 1976 and Vartiainen 1980) and in the alkali gneiss of the present study (Fig. 4, no. 1 ).
Figs. 5 and 6 illustrate the chemical relationship between the aegirine-riebeckite pair of Pikkukallio and the other sodic pyroxenes and alkali and sodic-calcic amphiboles from Finland. Coexisting pyroxene-amphibole pairs are joined by tie-lines. As the aegirine of the nepheline syenite gneiss of Kiihtelysvaara (Eskola and Sahlstein, op. cit.) was not chemically analysed and thus its precise plot is unknown, the tie-line connecting the plot of arfvedsonite (no. 8) towards the plot of acmite, NaFe The mineral pair aegirine-riebeckite is known to be rather common in peralkaline gneisses from numerous localities of the world over (Floor 1974) . However, further comparisons with other occurrences are beyond the scope of the present study.
Age of the Honkamäki granite
The age of the zircon from the Honkamäki granite, about 600 metres south of the Pikkukallio outcrop (Fig. 2) , has been radiometrically determined at the isotope geology laboratory of the Geological Survey of Finland and the results have been published in two papers (Marmo et al. 1966 and Talvitie and Paarma 1980) . The age was later checked from two zircon fractions, preleached in hydrofluoric acid. The new results, together with the earlier ones, are summarized in Table 7 and plotted in the concordia diagram in Figure 7 .
Examination of Figure 7 reveals that the fivezircon fractions form an excellent linear array, having an upper intercept age of 2019 + 3 Ma (2 Fig. 7 . Concordia diagram for zircons of the Honkamäki granite, Vuolijoki. There is a direct correspondence between the uranium content and the degree of discordance (Table 7 and Fig. 7) . The most concordant fractions, E and F, were preleached in cold 4 % hydrofluoric acid in an ultrasonic bath for ten minutes. The uranium content is lowest in these fractions, but the most distinctive feature is that the common lead content is drastically lower than in other fractions.
Both the Honkamäki granite and the alkali gneiss of the present study are varieties of the alkali gneiss of the Honkamäki-Otanmäki area. The age of 2019 Ma is quite close to the 2065 Ma of the gabbros of Otanmäki and Vuorokas (Talvitie and Paarma, op. cit.) (Fig. 1 ) but is distinctly older than the c. 1900 Ma of the synorogenic Svecokarelidic plutonic rocks.
